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Thermal Batteries
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C. Amy et al., Energy Environ. Sci., 12, 334-343 (2019)



Cost per unit 

energy

CPEmin =     [$/kg]    ÷ [Cp·(THigh-TLow) · RTE]

Cost of the 

medium
Energy Stored Roundtrip 

Efficiency

$10-6/J =  [$0.5/kg] ÷ [2000 J/kg/K·(500 K) · 0.5]

$3.6/kWh

Why is the cost so low?

Storing heat is 10 -100X cheaper than storing electricity 

electrochemically in a normal battery. 

Simple estimate:

Cost of 

graphite blocks
Cost of the

energy stored in the blocks

Li-ion 
battery cell cost 
$100-200/kWh
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With other system 
costs added < $10/kWh

Why is the cost so low?

$3.6/kWh

Even after we add the cost of everything else 
i.e., other components + construction etc.

The cost still comes out < $10/kWh



Economics vs. scale: The bigger the better

The cost of thermal batteries decreases with increased size 

because the insulation cost decreases

Lower surface area to volume ratio Ą The bigger the better 
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C. Amy et al., Nature 550, 199ð203 (2017)

Pumping at 1400 °C

C. Amy et al., Energy, 233, 15, 121105 (2021)
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Qblackbody = 1.95 MW/m 2

Q tungsten = 689 kW/m 2

Qabove_BG = 213 kW/m 2

Qbelow_BG = 476 kW/m 2

Qgen = 89.4 kW/m 2

Qbelow_BG = 18.7 kW/m 2

Power out = 123 kW/m 2

FIG 2| Breakdown of energy transfer and conversion for a
nominal emitter at 2150°C. Comparing the MPV power output
to all of the power extracted from the emitter (i.e., all
absorbed light above and below the band gap), including 4.6
kW/m 2 for convection, yields an efficiency of ~ 52%.
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Efficiency = Power out ÷ Qtotal =
123 ÷ (123 + 89.4 + 18.7 + 4.6) = 52%

Why Multi -Junction Photovoltaics?
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FIG 4| A ðModeled efficiencies of 1- and 2-junction

cells as a function of junction bandgap (the

bottom junction is used, for the 2-junction cells), for

several different emitter temperatures . B ðOptimal

top -junction bandgap for the 2-junction cells as a

function of the bottom junction band gap .



Thermophotovoltaic Cells

Å Photovoltaic cells that convert 
light from a terrestrial heat 
source are also called 
thermophotovoltaic (TPV) cells

Å TPV has not been used much 
for power generation 
because the efficiency has 
been lower than a turbine

Å The world record efficiency for 
TPV was 29% for 40 years

Å Record was broken last year 
at 32%

Å We set a new record 41% 

Our new 

world record



Technological Breakthrough: MPV Cells

Previous TPV 

Record 32%

Average 

Turbine ~34%

New Record 41%Å Our new record = 41% 

Å RTE for thermal batteries = MPV efficiency

ï < 1% charging loss in converting        

electricity to heat

ï < 1% per day heat loss to environment

Å > 35% RTE is needed for arbitrage

Å 40% is high enough to commercialize

Å 40% is higher than average turbine

Å Target is to reach 50%

ï Improve mirror reflectivity from 94% to 98%

ï 98% reflectivity in TPV was recently 

demonstrated

ï Use 4 terminal devices to exceed 50%


